Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

The 450 Day X-Ray Monitoring of the

Calculation of total muon flux observed by Muon Chananalonk AGN 165 15275654
. . . Ricci, M. Loewenstein, E. Kara et al.
Monitor experiment

- Learning latent functions for causal
discovery
Emiliano Diaz, Gherardo Varando, J

To cite this article: | Bandac et al 2017 J. Phys.: Conf. Ser. 934 012019 Emmanuel Johnson et al.

- Molecules in the Carbon-rich

Protoplanetary Nebula CRL 2688
Jian-Jie Qiu, , Yong Zhang et al.

View the article online for updates and enhancements.

/ :Thﬂq HONOLULU, HI ¥, : Joint Meeting of
PACIFIC RIM MEETING < X L A
masemoee:  Oct 6-11, 2024

The Electrochemical Society

Abstract submission
deadline extended:
April 19, 2024

Learn more and submit!

The Electrochemical Society of Japan

Korea Electrochemical Society

This content was downloaded from IP address 3.129.45.92 on 18/04/2024 at 16:36


https://doi.org/10.1088/1742-6596/934/1/012019
https://iopscience.iop.org/article/10.3847/1538-4365/abe94b
https://iopscience.iop.org/article/10.3847/1538-4365/abe94b
https://iopscience.iop.org/article/10.1088/2632-2153/ace151
https://iopscience.iop.org/article/10.1088/2632-2153/ace151
https://iopscience.iop.org/article/10.3847/1538-4365/ac5180
https://iopscience.iop.org/article/10.3847/1538-4365/ac5180
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstoBpZsvy5VUcOttFP0-BGMFbdlvOUDVBRS1aehR5YZ25e4NuSx4FZYPnRv4wqnH_76KzS8Ezf5gat9LCqawKV2J4KPUNL5iXcnwSF-4p2mufRkrUS0hExqMH6tXpXd82HphovZ4qxO4H-hDFOYxxPvxe31DPxR0xmvgxA7Stg9Jj3DqmnxxJIa_q0xe3yCsqIfzpKCY3H6X5imf0gGYOqzGrgEJo6HE3dS8n0KttBehftiPShZlKE8rRD4_AXDizXSoxORe3YL7noW4kYJqVVpCrhh0CCbMSUoFYuLVfxIdptWfn94MVbrt2xyNUoVj_DI-JENP1_o_jEO9JeZQyQ&sig=Cg0ArKJSzBGOUETf1Lcg&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/prime2024/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3Dprime_abstract_submission

3rd International Conference on Particle Physics and Astrophysics (ICPPA 2017) IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 934 (2017) 012019 doi:10.1088/1742-6596/934/1/012019

Calculation of total muon flux observed by Muon

Monitor experiment

I Bandac!', A Bayo', L Bezrukov?’, T Enqvist?, A
Fazliakhmetov?®?, A Ianni', L Inzhechik?, J Joutsenvaara®, P
Kuusiniemi®, K Loo®, B Lubsandarzhiev?, M Nelubina®*, A
Nozik?>?, M Slupecki’, W H Trzaska’®

! Laboratorio Subterrdneo de Canfranc

2 Institute of Nuclear Research, Russian Academy of Sciences, Moscow, Russia

3 Kerttu Saalasti Institute, University of Oulu, Finland

4 Moscow Institute of Physics and Technology, Russia

® Department of Physics, University of Jyviskyls, Finland

E-mail: fazliakhmetov@phystech.edu

Abstract. An approach to calculate the flux of cosmicgenic muons detected by Muon Monitor
experiment in lab LAB2400 of the Underground Laboratory in Canfranc (LSC) is described.
The measuring apparatus consists of three layers of SC16 scintillation matrix detectors.
The hardware function of the detector assembly was determined using computer simulation.
Obtained value of the total muon flux turned out to be equal to (4.35 % 0.2) x 1072 m™2s™*.

1. Motivation

To eliminate background produced by cosmic rays, the experiments researching for rare processes
are conducted in deep underground laboratories, where rock overburden attenuates flux of
cosmogenic muons. Nevertheless, even such a small residual underground flux of cosmic muons
produces background for physics experiments. The general goal of Muon Monitor project is to
study muon background conditions in underground sites of Canfranc Underground Laboratory
(LSC) and precisely measure muon flux taking into account considerable anisotropy of the flux
because of complicated shape of mountains above the lab LAB2400 of LSC.

2. Experimental setup

The Muon Monitor consists of scintillation detecting assembly (SDA), data acquisition system
(DAQ), and power supply system. The SDA has three layers consisting of the fast SC16
scintillation detectors: 3 x3 = 9 detectors both in the top and in the bottom layers and 2x2 = 4
detectors in the middle layer (see figure 1). Effective square aperture is ~ 1 m?. Maximum zenith
angle of muon to be detected is approximately 80°. Each SC16 detector contains a 4 x 4 matrix
of 16 independent, square pixel detectors of 122 x 122 x 30 mm? [1,2]. The internal structure of
the pixel, schematic view of the SC16 and connection layout is presented in the figure 2.
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Figure 1. Schematic view of a detecting assembly
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Figure 2. Schematic view of detector

3. Calculation of total muon flux
To calculate total muon flux with taking into account the geometrical response of SDA and
individual efficiencies of subdetectors inside SC16 a Monte Carlo simulation was used. The
simulation tool was written in Kotlin using Appache Commons Math for geometry description.
Only events that produce straight line tracks was selected to calculation. This was done using
simulation program. Considering that simulation statistics of 107 is few orders of magnitude
greater than the number of events in the experiment (~ 3 x 10°), it is supposed that pixel
combinations which do not appear in simulation, are not possible in the real data. Thus it was
selected only events where set of pixels being hit exists in the simulation.
The efficiency for the given pixel set could be found from simulation with uniform initial
distribution of muons in a following way:

Nsim,i (1)
Nsim 7

where N, ; is the number of simulated muons that hit pixel set with index ¢ and N, is the
total number of simulated muons. The total flux for a given pixel set f; can be found as:

_ gi G
= red@ TR ®

where g; is experimental counts of given pixel combination. Each of f; is not the estimate
of the flux through the pixel set, but the flux through the monitor as a whole. If the initial

R; =
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distribution is uniform then all of f; would give the same value and total flux could be found
by simple averaging f = (f;). In real experiment, the initial distribution is not uniform, but
averaging still gives a consistent estimate of the total flux.

4. Results

This approach gives the total number of events (f) = v (f), = 2.256 - 105 events observed by
monitor during time of measurement equals to 51836385 seconds. The (f), has been calculated
in assumption that average flux in unobservable large zenith angles region and detectable low
ones is the same and -y is correction factor equals to the ratio between monitor angular coverage
and total 27 solid angle. Uncertainties for calculation includes:

e uncertainties of pixels position: ~ 5 %
e statistical error: ~ 0.3 %

e uncertainties of total measurement time: less than 0.1%

With taking into account all uncertainties the total flux is:
®=(435+0.2) x 1073 m 2571, (3)

Paper containing overwiev of method, results and disciussion in detail is in progress[3].
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